F
ibrosis is the single best predictor of clinical outcomes in patients with nonalcoholic steatohepatitis (NASH). 1, 2 Advanced fibrosis portends liver-related mortality and determines the need for liver transplantation. 3 Current diagnostic tools assess the presence of hepatic fibrosis but do not predict its development in patients at risk. Risk stratification based on propensity for liver fibrosis is a key factor for the selection of patients who benefit from close follow-up evaluation and medical therapy once approved. Liver biopsy remains the gold standard for fibrosis detection and staging but is invasive, and has the potential for sampling error. Radiologic assessment of liver stiffness has gained credibility over the past decade as a diagnostic and staging tool for liver fibrosis with magnetic resonance and vibration transient elastography. Simple predictive model of fibrosis including the aspartate aminotransferase-to-platelet ratio index), fibrosis-4 (age, platelet count, alanine aminotransferase, and aspartate aminotransferase), nonalcoholic fatty liver disease fibrosis score, and serologic panels of combined biomarkers to predict the presence of fibrosis has been established. These noninvasive tools have been reviewed thoroughly elsewhere 4 and overall have moderate accuracy in identifying patients with fibrosis stage 2 or greater on the Metavir scale, but good accuracy in excluding advanced fibrosis, and could be used to identify individuals at low risk for advanced disease. Notably, all of these tests have been developed with liver biopsy staged fibrosis as the reference standard. Therefore, by definition, these tests do not discriminate those who are at risk for fibrosis development from those who are not.
In this issue of Cellular and Molecular Gastroenterology and Hepatology, in an effort to establish a molecular signature of fibrosis, van Koppen et al 5 performed an integrated transcriptomic and proteomic analysis of gene expression and protein turnover in a murine model of NASH over time. RNA sequencing of whole-liver mRNA in high-fat diet (HFD)-fed, low-density lipoprotein receptor knockout mice identified that the key categories of signaling pathways up-regulated in this model are lipid metabolism, inflammation, oxidative stress, and fibrosis/extracellular matrix (ECM). Over the time-resolved evolution of NASH, lipid metabolic pathways were the most up-regulated at week 6 (14 of 24 pathways). At this early time point, neither inflammation nor matrix remodeling were significantly induced. However, by 12 weeks of feeding there was increasing representation of inflammation (12 of 24 pathways), and by 18 weeks there was the appearance of matrix remodeling (2 of 24 pathways). Interestingly, using deuterated water to label newly formed protein ECM turnover was evident at 12 weeks of HFD feeding well before the transcriptomic signature and the histopathology reflected this. Next, using a reductive approach to identify differentially expressed genes that correlate with the dynamic protein data, that are up-regulated significantly at 12 weeks and persist for the duration of the study, the investigators identified a proteomic-transcriptome signature consisting of 232 genes and 8 proteins to predict fibrosis before its histologic onset in murine NASH. The top 20 of these genes and proteins had a high correlation with histologic fibrosis at week 24 of HFD feeding. Although some of the top 20 hits were predictable, it is notable that several of these top 20 hits have not been identified previously as biomarkers for either NASH or fibrosis.
A comparison with publicly available human microarray data showed that 71 of the 123 differentially expressed genes in human NASH were regulated in this murine model. 6 Furthermore, pathway analysis showed that the top pathways regulated in this murine model were similar to those in human NASH. Previous transcriptomic comparisons of murine and human NASH have not shown this degree of overlap, suggesting that the HFD-fed, low-density lipoprotein receptor knockout mouse model may more closely mimic human NASH. 6 However, the extreme hypercholesterolemia in these mice might not provide an accurate assessment of the biological changes in wild-type mouse models of NASH. For example, in a recent kinetic study of fibrosing NASH in wild-type mice, a significant increase in the messenger RNA expression of collagen was evident as early as 2 weeks after initiating dietary feeding. 7 To be translated to a widely available blood-based biomarker panel, this gene panel will need to be refined further down to the most important targets that can be detected without the need for liver biopsy. The proteomic data are most intriguing in this regard and a biochemical ECM turnover signature seems promising. Validation of this proteomic signature in larger independent human NASH cohorts is feasible and may be able to stage fibrosis accurately and also predict those at greatest risk of fibrosis onset and progression. 
